Urbasimce: A dynamic model for assignment and cold start emission  by Khoshyaran, Megan M. & Lebacque, Jean-Patrick
Available online at www.sciencedirect.com
Procedia Social and Behavioral Sciences 20 (2011) 714–722
14th EWGT & 26th MEC & 1st RH 
URBASIMCE: A dynamic model for assignment and cold start 
emission 
Megan M. Khoshyarana, Jean-Patrick Lebacqueb,* 
a
 ETC Economics Traffic Clinic, 34 av. Des Champs Elysées, 75008 Paris, France 
bUPE IFSTTAR GRETTIA, Le Descartes 2, 2 rue de la Butte Verte, 77166 Marne-La-Vallee, France 
 
Abstract 
In an urban setting, the cold engine pollutant emission of vehicles constitutes a important fraction of total pollutant emission. 
Cold start emission is difficult to estimate, as it depends on the local fraction of vehicles running on cold engines. In principle 
knowledge of this fraction requires the knowledge of travelers' activity plans. The paper proposes a different approach: to use 
parking data, and parking dynamics, in order to estimate the volume of traffic running on cold engine which is generated in any 
link at any time. A macroscopic traffic flow model, derived from the GSOM family (generic second order modeling), is used to 
propagate the flow of vehicles running on cold engines. The model is dynamic, it is compatible with cross-entropy dynamic 
assignment, and can thus be used with various levels of data availability. The main innovations of the paper are: the GSOM 
model with cold emission travel time as an attribute, the parking in/outflow model, and the use of parking dynamics for the 
estimation of cold start emission. 
Keywords: Cold start emission; macroscopic traffic models; dynamic assignment, parking dynamics, activity plan 
1. Introduction 
Pollutant emission by vehicles depends largely on whether the car engine is running cold or hot. Cold emission is 
estimated by applying a cold over hot ratio of pollutant emission to the hot emission. This ratio depends on car type, 
pollutant etc, and is applied to the mileage driven on cold engine (COPERT IV, refer to Gkatzoflas et al., 2007). In 
an urban setting such as for instance the Ile-de-France area, a very important fraction of trips (up to 30% , Institut 
d’Aménagement et d’urbanisme 2006) are short or very short trips (less than 3 miles), for which cold start emission 
is significant, Joumard and Sérié 1999. Thus a significant fraction of cars is running with cold engines at any 
location and given time. This fraction depends on the activity plans of travelers. Travelers, once they have 
completed an activity, resume traveling, and if they use their private cars, then they contribute to cold start emission. 
Predicting the cold emission in an urban area turns out to be a very complex task. Indeed it is necessary: 
1. to predict traffic flows: this task is carried  out by a dynamic assignment model, which predicts the traffic 
flows per arc and per  time step, given total travel demand in the network. 
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2. to predict, for each link, the fraction of cars running on cold engine. This fraction depends on the realization of 
travelers’ activity plans. Traditionally, this type of information is collected from road surveys, but in this 
model a new substitute is used which is the parking data. 
The dynamic assignment proposed in our approach is based on lagrangian discretization of traffic flow on a 
network (Khoshyaran and Lebacque, 2008), combined with CE (Rubinstein, 1999) approach for the calculation of 
the dynamic equilibrium (Ma and Lebacque, 2009; Lebacque et al. 2009). This CE approach is implemented as a 
dynamical system. A special feature of the model is that it takes parking into account (both surface parking and 
parking garages).  
Indeed, it is very difficult to predict the activity plans of travelers within the dynamic assignment framework. The 
data is usually not sufficient, and the complexity of the assignment problem is excessive. Further, it is not necessary 
to know the details of the activity plans but only their impact on cold emission. This impact can be deduced simply 
from the parking information. This concept was introduced in the static case for the DYNABURBS model 
(Lebacque, 2010a; 2010b). The model is extended to the dynamic case by including parking dynamics into the 
dynamic assignment model. Parking dynamics result from the mean parking duration and from the parking exit rate.  
The underlying flow model is taken from the GSOM family (Lebacque et al., 2007; Khoshyaran and Lebacque, 
2008a; 2008b) and accommodates parking dynamics. The driver attribute in the model is the time spent since 
leaving parking, in order to estimate the propagation of vehicles running on cold engine. The flow model is 
discretized (lagrangian discretization), making it suitable for dynamic assignment using cross-entropy assignment 
(Lebacque et al., 2009; Ma and Lebacque, 2009).  
The model is called URBASIMCE which stands for Urban Assignment Simulation for Cold Emission. The 
outline of the paper is the following. First we describe how to estimate the fraction of vehicles which are running 
with a cold engine in an urban setting. Second, we propose a macroscopic traffic model suitable for cold start 
emission estimation under various hypotheses of data availability. A discretized version of this model is proposed, 
which is suitable for dynamic assignment. Finally, an application to cold start emission in the Paris area is given. 
2. Modeling cold start emission using parking 
Hot engine emissions are calculated following the methodology outlined in REALITY (Lebacque, 2010a; 
2010b). Typically, the pollutant emissions per link by vehicle class per unit of time are given by: 
݁௛௢௧ǡ௟௧ ൌ ܤܧܴ ൈ ߭௖ǡ௟௧ ൈ ݀௟   (1) 
In this formula: 
x Basic Emission Rates (BERs) per pollutant and per link are assumed to be nonlinear functions of average link 
speeds and are derived from COPERT (Gkatzoflas et al., 2007). 
x υc,lt denotes the traffic volume per vehicle class c, time interval t and link ݈.  
x ݀௟denotes the length of link ݈. 
Cold start emission is based on the DYNABURBS model (Lebacque, 2010a; 2010b). Cold start emission refers 
to the emission of pollutants from cars running on cold engine. Engine is cold when a car is started and for a short 
time afterwards when a car is running. In order to estimate cold start emission, it is necessary 
1. To estimate, on each link, the flow of vehicles starting on cold engine. This flow relates to travelers’ activity 
plans: it is the flow of travelers initiating a trip for a new activity from a parking spot on the link (generation 
of cold engine flow). 
2. To estimate the propagation of vehicles running on cold engines, as they contribute to cold start emission in all 
links they cross for as long as their engine stays cold (propagation of cold engine flow). Note that COPERT 
relies on estimated cold mileage percentages instead, which is the net result of the flow of vehicles running on 
a cold engine. 
Solving the generation problem requires the number of cars parked, the of entry and exit rate from parking 
garages or on street parking, and the distance the cars run on cold engine. Parking is a function of trip chaining. Trip 
chaining is defined as the number of stops a road user makes between an origin and a destination due to non-work 
activities (example: dropping kids to school, shopping, doctor’s appointment, or cultural and recreational activities). 
Trip chaining data can be recovered from cell phone communication and from travel survey data, and reconstruction 
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through dynamic assignment from travel demand and activity availability. This data should at least give the number 
of trips per day, trip purposes, number of stops, and the duration of each stop.  
Full knowledge of trip chaining is redundant: only parking dynamics are really required. Parking data should be 
extracted from the Web, parking operators and urban management authorities. This data should provide parking 
capacities of garages and on street parking, the rate of enter and exit from garages and on street parking. 
The problem of propagation of cold engine flow is addressed in the following section. 
3. A macroscopic traffic flow model for cold start emission 
3.1. Continuous version of the model on a link.  
The basic traffic flow model is of the GSOM (generic second order modeling) family (refer to Lebacque et al., 
2007; Khoshyaran and Lebacque, 2008a; 2008b), which is expressed by a conservation equation: 
0 ww qxtU   (2) 
with vq U  the flow, and x, t the location and time. 
The speed is given by a speed density equilibrium relationship ߭ ൌ Աሺߩሻ. The rationale for this choice is the 
following. 
1. The LWR model on links allows estimation of speed and density, thus emission, at low computational cost, 
and with greater precision than other approaches such as travel time function approaches, or point queue or 
physical queue approaches. 
2. The GSOM model allows network modelling: the OD (origin-destination) is simply recaptured as driver 
attribute. The same observation applies to travel time on cold engine, which can also be modelled as a driver 
attribute, as will be shown below. 
3. The GSOM allows rigorous intersection modelling. This feature is very important for two main reasons. i) A 
great fraction of emissions and delays in networks takes place in intersections. ii) Congestion propagates 
backwards through nodes with congestion on one link impacting the flow on upstream links. Only proper 
intersection models with node supplies and demands can recapture this feature. 
Further, a driver attribute is defined, which relates to the travel time T on cold engine. More precisely, let us 
denote  dTtxTh ,, the distribution of T at any given location and time x, t.  dTtxTh ,, is the fraction of vehicles 
having travelled between T and T+dT on cold engine. This distribution is invariant by the transformation:  
 
            (3) 
 
 
 
thus, yielding the following advection equation 
 
  
 
The model can be rewritten as: 
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This is a GSOM mode with a functional differential equation for the attribute h. It is assumed that the speed 
density equilibrium relationship ߭ ൌ Աሺߩሻ does not depend on the distribution h. In a urban setting, traffic depends 
mainly on intersection dynamics and driving regulations, thus this assumption is reasonable. It follows that the local 
traffic supply and demand functions (Lebacque, 1996; Lebacque and Khoshyaran, 2005) do not depend on h and the 
theory of intersection dynamics developed in (Lebacque and Khoshyaran, 2005; Khoshyaran and Lebacque, 2009) 
applies. 
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3.2.  Parking in-flow modeling. 
Let us now address parking modeling. Parkings can be modeled as distributed, aiming at describing street 
parking, or can be modeled as localized at points, aiming at describing parking lots, garages etc. The second point of 
view will be adopted in this paper. 
 
 
 
 
 
 
 
 
 
Figure 1 The parking model 
The entrance and exit of the parking are treated as intersections. The intersection models must satisfy the 
invariance principle. Let N be the number of vehicles in the parking. The supply  N6  of the parking is defined as 
the inverse of the time required to secure a parking spot (search + maneuvering + ticketing). The outflow rate of the 
parking is assumed to be given by: NP . The parameter P can be interpreted by noting that at equilibrium, the 
average time spent in the parking is given by:  
 
            (5) 
 
which also yields an easy procedure for estimating this parameter. Given the local traffic demands cu G,' and the 
local traffic supplies ߪ௖ǡ ȭୢ as depicted above, and assuming that a fraction F of users on the link enters the parking, 
a simple parking inflow model is given by: 
 
            (6) 
 
 
This model is FIFO (first-in, first-out), which has the following consequence: if the parking is full, the blockage 
of the link flow results. Such a behavior is a good approximation of reality in some cases: for instance congestion 
created by vehicles delivering goods or persons and unable to park. In order to model other types of behavior, a 
model which is not FIFO and still satisfies the invariance principle can be specified as follows: 
  
 
 with      (7) 
 
 
 
The functions Ȟ௨ሺݍ௨ሻ, Ȳ௨௣൫ݍ௨௣൯ǡ Ȳ௨௖ሺݍ௨௖ሻ should be concave increasing and their derivatives should express the 
way flows are split. A simple example of such functions is given by: 
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It can be shown that the fractions upu DD , should be chosen as follows  
 
            (9)
  
in order for the fraction of users on the link that enters the parking to be equal to F under normal conditions of 
supply. The diverge model is solved by introducing the Karush-Kuhn-Tucker coefficient 9 of the constraint  
ݍ௨ െ ݍ௨௣ െ ݍ௨௖ ൌ Ͳand solving the Karush-Kuhn-Tucker optimality conditions of (7) with respect to 9 . The 
solution is given by (10): 
 
 
            (10) 
  
ܲሾ௔ǡ௕ሿሺݕሻ is a projector defined as: x a if ay d , 
x b if yb d , 
x y if bya dd . 
This system (10) can be solved easily as it is piecewise linear in ߫, as the figure 2 shows. Figure 2 depicts the 
inflow and outflows of the parking entrance node, as a function of ߫. These functions are given by (8), they are 
piecewise linear. The intersection of the curves ݍ௨ሺ߫ሻǡ ݍ௨௖ሺ߫ሻ ൅ ݍ௨௣ሺ߫ሻ  yields the value of ߫, which in turn yields 
the values of the flows ݍ௨ǡ ݍ௨௖ ൅ ݍ௨௣. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Resolution of (8) 
3.3. Parking outflow modeling. 
The parking exit model is modeled in a way symmetric to parking outflow. The parking demand is defined as  
 
 
and the flows are constructed as solutions of the following optimality problem: 
 
 
      with         (11) 
 
 
 
The functions Ȧௗሺݍௗሻǡ ȩ௣ௗ൫ݍௗ௣൯ǡ ȩ௖ௗሺݍ௖ௗሻcan be assumed to be linear and the above optimality problem is solved 
in a way symmetric to the parking inflow model: 
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3.4. Propagation of the distribution h, intersection modeling 
The propagation of the distribution h is trivial:  txTh ,, is simply shifted with time following (4). At parking 
exits, the parking outflow contributes to the low T part of the distribution. When applying a Godunov scheme in 
order to discretize the model (3), (4), (10), (12), the distribution h is simply discretized into histograms with 
resolution equal to the time-step. General intersections are best treated as internal state nodes as described in 
(Khoshyaran and Lebacque, 2009). They can also be treated with node optimization models generalizing the parking 
in- and out-flow models outlined above (refer to Lebacque and Khoshyaran, 2005). The Godunov discretization 
scheme is particularly well suited for areas where the assignment coefficients (turning movements) in intersections 
can be considered as given.  
3.5. Lagrangian discretization  of the model. 
The lagrangian discretization (Van Aerde, 1994; Aw et al., 2002), is trivial in the present case. The lagrangian 
discretization can be expressed as:  
 
 
            (13) 
 
 
with  txn the position of particle n at time t,  tvn its velocity,  tTn its time spent since starting its current trip, ߜݐ 
the time-step and       txtxtr nnn  1/1 the spacing.    rr /1   denotes the speed equilibrium relationship 
expressed in terms of spacing rather than density. Note that it is not necessary in this lagrangian setting to calculate 
the distribution h. It is more efficient to calculate  tTn for all particles.  
The CFL condition must be satisfied:  
 
            (14) 
 
 
Since parking in- and out-flows are modeled as intersections, the standard method described in (Khoshyaran-
Lebacque, 2008) applies both for parking and intersections. In its lagrangian version the model can be considered as 
an extension of the model in (Ma and Lebacque, 2008) and therefore can be used for dynamic assignment using the 
cross-entropy method. Let us recall that this method estimates the assignment coefficients (turning movements) at 
nodes based on travel time expectation of travelers and activity values (Lebacque et al., 2009). Thus it is possible to 
combine dynamic assignment for the major links nodes and destinations in the network, based on a lagrangian 
representation, with a Godunov discretization for the lesser links and nodes, for which demand and assignment 
coefficient will be given (either by measurements or by dynamic assignment on the major links).  
3.6.  The impact of parking dynamics on cold start emission 
It is necessary to take parking dynamics into account in order to estimate cold start emissions. It is not possible to 
rely on traffic flows only. Approximately, the dynamics of a parking can be described by: 
 
NqN u PF             (15)
   
Thus if we estimate cold start emission based on a quasi-static traffic flow model, that is proportionally to ߯ݍ௨ 
and without estimating parking, the error made is significant. Indeed cold emissions are proportional to ߤܰ and 
evolve in a smooth manner. These emissions are then compared with cold emission calculated from quasi-static 
parking rates. These emissions are piecewise continuous. Flows in the quasi-static case do not change within a time 
slot which means that during a time interval traffic flows stay constant. The two cold emission patterns are shown in 
figure 3 (left).  
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Figure 3 Comparison of approximate versus exact parking flow patterns (red: exact patterns, blue: approximate patterns) 
 
Even a piecewise linear approximation to flows (figure 3, right) leads to significant errors if the cold start 
emission is estimated based on traffic flows only. Thus it is necessary to use an exact model for parking dynamics, 
in order to limit flow estimation errors. 
 
4. An application: cold start emissions in the Paris area 
 
As a case study, cold start emission in the Paris metropolitan area has been calculated. Dynamic traffic flow has 
been evaluated based on a dynamic assignment model for the main links and a simple propagation model relying on 
constant turning fractions for the secondary network.  
The demand is given by the EGT (Enquête générale Transport) data and traffic measurements (from DIRIF: the 
public agency responsible for highway management in the Paris metropolitan area) on major links. The traffic flow 
model used is the one described in section 3. The model yields speeds and flows per link. The model also estimates 
the distribution of vehicles with respect to their running time (time since last start) on each link. The parking 
capacity has been estimated from geographic data (on street parking capacity) and internet information (garages). 
Constant exit rates based on average parking times have been applied.  
Average vehicle fleet composition is used: eight out of thirteen categories are included. Some categories: LPG, 2-
stroke, hybrid and bus (natural gas) are omitted, mainly because of the lack of data. Data on car matriculation by 
year and life expectancy of vehicles completes the estimation of the vehicle fleet composition.  
Figure 4 depicts the time evolution of cold emission of CO. Colour code varies from blue (low emission) to 
yellow and red (high emission). Levels of pollutant emission depend not only on parking location but on the 
propagation of vehicles running on cold engines. 
 
5. Conclusions 
The URBASIMCE model developed in this paper combines a classical approach to hot engine emission based on 
DYNABURBS and COPERT methodology, with a novel approach to estimation of cold start emission based on 
parking dynamics, and a novel traffic flow model for the estimation of generation and propagation of traffic flow of 
vehicles running on cold engine. This model is based on the GSOM approach, with two specific features: parking 
dynamics and propagation of the composition of traffic with respect to time travelled since the last start. The model 
admits a particle discretization suitable for cross-entropy dynamic assignment based on activities, but can also be 
used with fixed (measured) assignment coefficients. Thus the model is dynamic; it is very flexible and suitable for 
cold start emission on large scale networks under a large variety of data availability conditions. 
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Figure 4 Cold emission levels of CO for Paris metropolitan area from 6:00 am to 10:00 am 
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